Tumor necrosis factor-alpha, interleukin-1beta, and interferon-gamma stimulate gamma-secretase-mediated cleavage of amyloid precursor protein through a JNK-dependent MAPK pathway.
The deposition of the amyloid beta (Abeta) peptide in neuritic plaques plays a critical role in the pathogenesis of Alzheimer's disease (AD). Abeta is generated through the proteolysis of amyloid precursor protein (APP) by the sequential actions of beta- and gamma-secretases. Although recent evidence has unveiled much about the biochemical identity and characteristics of gamma-secretase, the mechanism regulating endogenous gamma-secretase activity remains elusive. To identify possible extracellular signals and associated signaling cascades that could regulate APP proteolysis by gamma-secretase activity, we have developed a cell-based reporter gene assay by stably cotransfecting HEK293 cells with the Gal4-driven luciferase reporter gene and the Gal4/VP16-tagged C-terminal fragment of APP (C99-GV), the immediate substrate of gamma-secretase. The cleavage of C99-GV by gamma-secretase releases the transcription factor that activates luciferase expression, providing a quantitative measurement of gamma-secretase activity. Using this reporter assay, we have demonstrated that interferon-gamma, interleukin-1beta, and tumor necrosis factor-alpha can specifically stimulate gamma-secretase activity, concomitant with increased production of Abeta and the intracellular domain of APP (AICD). The gamma-secretase-dependent cleavage of Notch is also enhanced upon the stimulation of these cytokines. The cytokine-enhanced gamma-secretase activity can be suppressed by a potent inhibitor of c-Jun N-terminal kinase (JNK). Furthermore, cells transfected with dominant-positive MEKK1, one of the most potent activators of the JNK cascade, exhibit increased gamma-secretase activity, suggesting that the JNK-dependent mitogen-activated protein kinase pathway could mediate the cytokine-elicited regulation of gamma-secretase. Our studies provide direct evidence that cytokine-elicited signaling cascades control Abeta production by modulating gamma-secretase activity.